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Abstract. To fully understand and evaluate the impact of lead and cadmium on the surrounding soil
pollution in tailings from gold ore dressings, 36 soil samples were collected at different depths near an
abandoned concentrating mill in a gold mining area. By examining the lead and cadmium contents in the
soil samples, the degree of lead and cadmium pollution over the soil profile was analyzed at different
sampling points. Meanwhile, 12 typical plant samples, including Bulrush (Phragmites communis (Cav.)
Trin. ex Steud.), Capillary Wormwood (Artemisia capillaris), Heteropappusaltaicus (Artemisia gmelinii)
and Stipa (Stipa capillata Linn.) were collected at the soil sampling point. The lead and cadmium contents
were determined in the aboveground and belowground organs, and the enrichment and transfer
coefficients of each plant sample were calculated. The results showed that both lead and cadmium were
moderately polluted within 0-10 m of the tailing dump. The lead and cadmium contents over the depth
profile of 0-30 cm were higher at depths of 0-10 cm and 20-30 cm than at 10-20 cm.
Heteropappusaltaicus showed more significant enrichment and transfer effects and large coverage and
can thus be used as the phytoremediation material for the remediation of Cd- and Pb-polluted soil around
tailing slag.
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Introduction

Mine tailings are by-products of mineral processing, usually, they are rich in
significant quantities of heavy metals (Wang et al., 2017a). In modern society, heavy
metal pollution in agricultural soil from mining has been becoming serious and
widespread (Marrugo-Negrete et al.,, 2017; Yang et al.,, 2018). The National
Communique on Soil Pollution Survey Bulletin issued in April 2014 showed that the
soil environment in China was negative, and the environmental problems of industrial
and mining wasteland were in evidence. Inorganics were the main type of pollution.
Inorganic cadmium (Cd) and lead (Pb) pollutants were found in excesses of 7.0% and
1.5%, respectively in China (Luo and Tu, 2018). In 16.1% farmland soils, heavy metals
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have exceeded the environmental quality standard (Mahar et al., 2016). The processes
of industrial production, mining development, sewage irrigation and rock weathering
are the main ways heavy metals enter the soil ecosystem (Pascaud et al., 2015; Sankhla
et al., 2016; Ashraf et al., 2017; Jing et al., 2018). Pb and Cd also cause damage to
human health. Heavy metals are difficult to decompose through biological cycling and
energy exchange and are difficult to remove, resulting in heavy-metal-contaminated
soils (Arora et al., 2015; Mahar et al., 2016; Wang et al., 2017b). Shaanxi province is
rich in mineral resources. The development of mineral resources has brought great
economic benefits as well as serious environmental problems. As the deposits are
mostly related to or associated with metals, one can assume the metal smelting process
leaches heavy metals. In addition, a single mining mode is mostly used in China at
present, which coupled with the low recovery rate and the comprehensive utilization
rate, is not only a great waste of resources but has also led to serious ecological
destruction and environmental pollution.

Phytoremediation technology can be used for in situ remediation (Filippis, 2015) and
is a clean, green and environmentally friendly technology for the treatment of heavy-
metal-polluted soil. Compared with other technologies, phytoremediation does not
cause secondary environmental problems but instead increases the soil organic matter
content (Sarwar et al., 2017; Fiorentino et al., 2017; Ashraf et al., 2017), and the repair
period is short and adaptable, making phytoremediation suitable for repairing large
areas (Taj and Rajkumar, 2016; Kim et al., 2019).

Although some results in the scientific literature have shown that some plants have
cumulative effects on Pb and Cd, there are large differences in growth status and
enrichment characteristics under different geographical climates. Through the
determination of heavy metals in Pb- and Cd-contaminated soils and surrounding plants
in gold mining areas, several plants with tolerance to heavy metal pollution or the
ability to enrich heavy metals were screened to provide a scientific reference for
applying phytoremediation technology to heavy metal pollution in mining areas.

Materials and methods
Description of the research area

The research area is located in Yao Shang Village, Taiyao Town, Tongguan County.
The geographic coordinates are E34°30'56"~34°31'21", N110°19'23"~110°19'56" (Fig.
1). The small gold mining area in the Qinling Mountains is the second largest gold-
producing area in China. It mainly exploits quartz-veined gold deposits and has a warm,
temperate continental monsoon climate with four seasons, with an annual average
temperature of 13°C, sunshine duration of 2269 hours and frost-free period of 190 days.
The ore dressing tailings were stacked at random along the river and bank slope,
causing soil and water pollution.

Sample collection
Collection of plant samples

Sampling was carried out on August 23th and 24th, 2016. A total of 4 sampling sites
of 10 m, 30 m and 50 m to the north of the tailing pile and slag pile were set up, and
square sample boxes were used to investigate plants near the sampling points and
collect a number of typical plants along with the roots, such as Bulrush, Capillary
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Wormwood, Heteropappusaltaicus and Stipa. For each plant sample, 3 to 5 plants with
similar growth periods that were well developed were selected from the area and packed
in kraft paper bags for analysis.

Figure 1. Description of the research area

Collection of soil samples

The tailings slag stacked in low-lying areas not far from the road in the open air. The
top of the tailings slag was basically equal to the the height of the roadbed. The tailings
slag thickness is about 30-40 cm, and it seems to be landfilling construction waste down
there. Soil samples were collected by the plum sampling method along the main wind
direction. The plum sampling method picks five samples based on the shape of a plum
along with the center point at the diagonal intersection. At each sampling point, soil
samples of 0-10 cm, 10-20 cm, 20-30 cm were collected (three times) and the remaining
sample was approximately 1 kg using the quartile method. Soil samples were sealed in a
plastic bag to avoid sample contamination. The sampling location and the surrounding
environment were recorded accurately, and a total of 36 tailings (N34°30'58"
E110°19'45") and 36 soil samples were collected.

Sample processing and determination
Treatment and determination of plant samples

The plant samples were separated into aboveground and underground organs, which
were then treated separately. The samples were cleaned and washed with deionized
water and placed in an oven at 105°C for approximately 30 min. Then, the temperature
was adjusted to 75°C until reaching a constant plant weight, which was taken as the dry
weight (g) (Environment Pollution Analysis Method, 1987). The samples were milled
by agate mortar and then sieved with a 0.25 mm nylon sieve. Weighed samples of
approximately 0.5 g were placed in a polytetrafluoroethylene digestion tank along with
65-68% nitric acid and 30% hydrogen peroxide for digestion of the heavy metals to
make them easy to measure. An AAS Zeenit 700P atomic absorption spectrometer was
used to determine the Pb and Cd contents in the aboveground and underground organs.
The reagents used in the test were excellent grade, with strict quality control.
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Treatment and determination of soil samples

The soil samples were air-dried, crushed and ground with wood rods, sieved (<0.149
mm), and stored until measurement (Hu et al., 2014; Zhu et al., 2015; Vogelmann et al.,
2015) of the Pb and Cd contents by the method outlined in GB/T 17141-1997. The pH
was measured on the basis of NY/T 1377-2007.

Method for evaluation of heavy metal pollution

The grade 1l soil environmental quality standard was used as the evaluation criterion
of soil Pb and Cd geoccumulation indices. The geoccumulative index (lgeo) Was used to
evaluate the degree of Pb and Cd pollution. The lgeo (EQ.1) was obtained in accordance
with Muller (1969).

I, = log, (:—E‘_L) (Ea.1)

C

In the formula, lceo is the geoccumulation index, “i is the measured mass

concentration of heavy metal I (mg kg?), Biis the environmental background level of
the measured element (soil environmental quality standard grade I, in Table 1), and k is
a correction factor because the diagenesis may cause a change in the background value
(generally k =1.5) (Wang et al., 2015). According to the lgeo, the pollution levels of
heavy metals can be classified (Table 2), the higher lgeo is, the more serious of the
pollution.

Table 1. Descriptive statistics of the Pb and Cd concentrations (mg kg™) in the tailings of the
study area

Distance from Elements H Range Mean Standard Grade Il of GB
tailing slag P (mg kg) (mg kgt) deviation |15618-1995(mg kgt)

Cd 0.47-5.34 2.64 2.51 0.6

Om 7.48-7.60
Pb 2506.90-3369.92 2471.70 1117.38 350
Cd 3.42-9.00 5.91 2.84 0.6

10m 7.53-7.90
Pb 1779.29-2612.68 2231.01 421.09 350
Cd 0.17-0.39 0.26 0.12 0.6

30m 8.00-8.11
Pb 32.12-75.61 71.40 37.36 350

50m Cd 754784 0.16-0.47 0.33 0.16 0.6
Pb 28.02-175.19 100.13 73.63 350

Table 2. Heavy metals geoaccumulation index graduation standard

lGeo Grade Pollution level
>5 6 Serious
4~5 5 Heavy
3~4 4 Biased
2~3 3 Moderate
1~-2 2 Mild

0~1 1 Light

<0 0 No pollution

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):10587-10597.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)

DOI: http://dx.doi.org/10.15666/aeer/1705_1058710597
© 2019, ALOKI K ft., Budapest, Hungary



Lu etal.: Lead and cadmium contamination in mine soil and metal accumulation in selected plants
- 10591 -

Data processing
Plant bioaccumulation factor (BCF) was calculated by Eq.2:

BCF = EE (Eq.2)

E

In the formula, BCF is the bioaccumulation factor, C, is the concentration of Pb or
Cd in the ground or underground part of the plant (mg kg?), Cs is the content of Pb or
Cd in the soil (mg kg?), BCF is an important index to measure the heavy metals
enrichment capacity. The larger BCF is, the higher the enrichment efficiency of the
plant. The larger BCF indicates the stronger mobility of the heavy metal.

The plant transfer coefficient (TF) was calculated as Eq.3:

TF=-+ (Eq.3)

where TF is the transfer coefficient, F; is the concentration of Pb or Cd in the ground
part of the plant (mg kg™), Ri is the content of a certain element in the underground part
of the plant (mg kg™).

Results and Discussion
Evaluation of soil pH and Pb and Cd accumulation indices

The pH values of the tailing samples and soil samples were all greater than 7.5
(Table 1). The Pb and Cd concentrations in the 0-30 cm soil samples are given in Table
1, along with the Pb and Cd geoccumulative pollution indices of the soil samples. The
average and range of Cd and Pb concentrations in the samples taken from different
distances from the tailing dumps were compared with the grade Il limits (GB
15618-1995). The ratios of the average concentrations of Pb and Cd in the tailing
samples to the standard limits were 7.06 and 4.40, respectively. At a distance of 10 m
from the tailings, the samples had values of 9.85 and 6.37. The Cd and Pb
concentrations in these samples significantly exceeded the soil environmental quality
standard grade 1.

The average geoccumulative indices of Cd and Pb were calculated by Eq.1. The
average geoccumulative indices of Cd and Pb in the tailing slag were 0.82 and 1.72 (Fig.
2), respectively, which corresponded to mild and moderate pollution levels, respectively.
The average Cd and Pb geoccumulative indices of the soil samples taken 10 m from the
tailing slag indicated partial to moderate pollution. The average Cd and Pb cumulative
indices of the soil samples taken 30 m and 50 m from the tailing slag were negative,
indicating no pollution. The results showed that there were different degrees of Cd and
Pb pollution in the tailing dumps itself and within 10 m of the tailing pile.

Pb and Cd concentrations in soil

The mean concentrations of Pb and Cd at different soil depths are presented in
Figures 3 and 4. In this section, we analyzed the Pb and Cd concentrations at depths of
0-10 cm, 10-20 cm and 20-30 cm at each sampling point. Soil taken 30-50 m from the
tailing slag showed much lower Pb and Cd concentrations than soil 0-10 m from the
tailing slag (Figures 3 and 4). The contents of Pb and Cd in the tailings changed greatly
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from surface to the lower layer. The average contents and the maximum values of Pb
and Cd in the soil profiles of all layers were lower than the grade Il soil environmental
quality standards. However, the concentrations of Pb in the tailings in each section were
higher than soil environmental quality standard (dotted lines). The content of Cd at 0-20
cm soil depth taken 0 m and 30-50 m from the tailing slag was no pollution. The
concentration of Cd at a depth of 20-30 cm was 8.9 times that of 0.6 mg kg™ obtained in
soil taken 10 m from the tailing slag. At a distance of O m, the average concentrations of
Pb and Cd in the 20-30 cm section reached 3369.9 and 5.34 mg kg, respectively. After
comparison with the literature, the cause of the above phenomenon may be that Pb and
Cd were present in a migratable state and a bound state in the tailings, and the
precipitation and oxidation of the surface layer promoted migration from the surface
layer to the lower layer, resulting in the accumulation of Pb and Cd in the lower layer
(20-30 cm) (Adeyi and Torto, 2014).
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The average concentrations of Pb and Cd in the 0-10 cm soil were higher than those
in the tailings. It is possible that the tailings accumulated for a long time, which led to
the larger Pb and Cd accumulation at a depth of 20-30 cm at the sampling point. The
main reason for the high concentrations of Cd and Pb in the 0-10 cm layer was that the
location of the sampling point was affected by gusts of dust and particle sedimentation.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):10587-10597.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1705_1058710597
© 2019, ALOKI K ft., Budapest, Hungary



Lu etal.: Lead and cadmium contamination in mine soil and metal accumulation in selected plants
- 10593 -

This might also be because the tailing pile pressure accounts for a large area of land,
and the accumulation time of tailings was different.

Based on the above analysis, the Pb and Cd concentrations in the study area were
highest 0-10 m from the tailing dump, and the maximum Pb and Cd concentrations were
9.6 and 15 times higher, respectively, than those given by GB15618-1995 (pH>7.5).
The over-standard rates of Pb and Cd at the sampling points within an area of 0-10 m
from the tailing dump were 100% and 83.3%, respectively. In the range of 30-50 m
from the tailing dump, the Pb and Cd contents in the soil were lower than the
environmental quality standard for soils, though the background soil in Shaanxi has a
Pb content higher than 11.5 mg kg™ (Xue et al., 1986).

The results showed that there were significant differences in Cd content in different
depths (p=0.043<0.05). The Cd content of heavy metals did not change with the
distance from the tailings slag (p=0.161>0.05). There were very significant differences
in Pb content in different depths (p=0.000<0.01). The Pb content of heavy metals did
not change with the distance from the tailings slag (p=0.31>0.05).

Distribution of Pb and Cd in various plant organs

In this section, the effects of Pb and Cd enrichment and transfer to plants at a
distance of 10 m from the tailings dump were analyzed and compared with the
corresponding soil environment (Fig. 5).
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Figure 5. Comparison of Pb and Cd concentrations and soil concentrations 10 m from tailings
slag

The bioaccumulation factor (BCF) and transfer coefficient (TF) of Bulrush
(Phragmites communis (Cav.) Trin. ex Steud.) (Poales family), Capillary Wormwood
(Artemisia capillaries) (Compositae family), Heteropappusaltaicus (Artemisia gmelinii)
(Compositae family), Stipa (Stipa capillata Linn.) (Gramineae family) 10 m from tailing
slag are shown in Table 3. The BCF and TF were calculated by Eq.2 and EQ.3,
respectively.

From Table 3, we can see that the values of the BCF of Cd for Heteropappusaltaicus
and Stipa were more than 1 and the BCF of Pb was less than 0.3. Among the four plants,
the BCF of Pb was similar for Heteropappusaltaicus and Stipa, and the two plants had
similar Pb enrichment abilities. The TFs of Capillary Wormwood, Heteropappus-
altaicus and Stipa for Pb and Cd were higher than 1.
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The Cd and Pb distributions in various plant organs taken at a distance of 10 m from
the tailing slag are shown in Table 4. At the sampling point 10 m from the tailing slag,
the Cd and Pb concentrations in different organs of Bulrush, Heteropappusaltaicus and
Stipa were compared. The results showed that the stem and leaves had higher Pb and Cd
accumulation than the roots. Heteropappusaltaicus leaves had the highest Pb
accumulation. Taking the results of Table 3 and Table 4 into consideration,
Heteropappusaltaicus had better Pb and Cd accumulation ability. There might be two
reasons for this. Heteropappusaltaicus, Capillary Wormwood and Stipa were the
dominant crops around the tailing slag and thus had adapted to their growth
environment and formed a specific tolerance mechanism. In addition, the stems and
leaves of the Heteropappusaltaicus plants were covered with villus. These special
physiological characteristics play a certain role in the accumulation of Cd and Pb,
therefore, the Cd and Pb contents in the stem and leaf were generally higher than those
in the underground organs. Heteropappusaltaicus had a large coverage in the local area.
Theoretically, extraction this plant could reduce the degree of Cd and Pb pollution in
soil around the tailing slag.

Table 3. Plant bioaccumulation factor (BCF) and transfer factor (TF)

Distance BCFE TE
tf'rl(')m Element Capillar Heteropa- Capillar Heteropa-
ailings Bulrush piilary p Stipa | Bulrush prtary P Stipa
slag Wormwood ppusaltaicus Wormwood ppusaltaicus
Cd 0.279 0.785 2.97 2.26 0.557 2.55 2.11 1.42
10m
Pb 0.094 0.097 0.224 0.230 0.406 1.50 1.17 141

Table 4. The distribution of Cd and Pb concentrations (mg kg™?) in different plant organs

Plant
Distance from Capillar Capill Capill
12 Element pillary apillary apillary
tailings slag BL;g:tSh Bgtlgrl:]sh Bi:g/lézh Wormwood Wormwood Wormwood
root stem leaves
10 Cd 1.28 1.92 2.96 1.82 3.00 6.82
m
Pb 163.27 244.94 517.18 144.85 140.12 320.04
Distance Plant
from tailings ~ Element Heteropap- Heteropap- Heteropap- ) )
slag pusaltaicus pusaltaicus pusaltaicus  Stipa root Stipa shoot
root stem leaves
10 Cd 7.07 15.84 18.92 8.67 13.36
m
Pb 410.5 453.7 562.4 337.39 513.57

One group of plants for phytoremediation lied in their excellent heavy metal
accumulation capacity. Research had showed that Asteraceae species had the ability to
remove heavy metal concentrations (Bolan et al., 2014). Some of them can absorb
heavy metal ion in their tissues but usually have less biomass and slow growth rate.
Because of the cosmopolitan distribution and local ecological adaptability (Rahman et
al., 2008), Asteraceae could be used for removal the heavy metal pollutants. Nikoli¢ and
Stevovi¢ (2015) reported that family Asteraceae includes multiple species with
phytoremediation potential including T. vulgare (L), T. parthenium (L.) and T.
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balsamita (L.) and S. transcaspicus Nevski. owes the ability to remove heavy metals.
Xiao et al. (2018) observed that the coverage of Asteraceae family and herbs were most
in the heavy metal pollution aera and Symphytum officinale Linn. has the ability to
accumulate Cd and Pb. In the research of Hesami et al. (2018), the heavy metal uptake
ability of 16 plants shoot from family Asteraceae was investigated by calculating (BCF),
(TF) and the phytoremediation potential were evaluated. The maximum shoot
concentrations of Pb (162 mg kg™) were found in Taraxacum officinale F.H.Wigg and
Cd (13 mg kg™) in Crepis sp. The maximum BCF of Pb and Cd were 0.326 and 1.787,
respectively. Comparing the results with the BCF of Heteropappusaltaicus, the BCF of
Pb and Cd were 0.224 and 2.97, respectively.

Conclusion

The soil 30 m and 50 m from the tailing dump was not polluted by heavy metals. Soil
0-10 m from the tailing slag showed different degrees of Cd and Pb contamination,
whereas soil 10 m from the tailings slaghad moderately high Cd and Pb concentrations.

The Cd and Pb concentrations at depths of 0 to 30 cm were analyzed. The Pb and Cd
contents in the tailings gradually increased from the surface to the lower layer. It is
possible that the tailings accumulated fora long time, which led to the larger
accumulation of Pb and Cd at a depth of 20-30 cm at the sampling point. The high Pb
and Cd contents in the surface layer (0-10 cm) may be due to the location of the
sampling point, which was affected by gusts of dust and particle sedimentation, and
large area of the tailing pile. There were significant differences in Cd (p=0.043<0.05)
and Pb (p=0.000<0.05) content in different depths, respectively.

Among the four tested plants, Heteropappusaltaicus showed a strong comprehensive
Cd and Pb transfer ability and can be used as a phytoremediation plant for Cd and Pb
soil pollution around tailings slag. Based on the existing research results, taking soil Cd
and Pb 10 m away from tailings slag as an example, the soil contaminated by heavy
metals is restored to a safe planting level, which will require equal dry weight plants
and take at least 5 years under ideal conditions of equal enrichment efficiency. But it is
worth noting that each part of the plant has a certain enrichment effect on heavy metals.
If the plants are not properly treated, it may lead to the re-entry of heavy metals
enriched by plants into the soil system. These heavy metals are mostly soluble and will
cause severer harm. Selecting more dominant plants of family Asteraceae for
phytoremediation of environmental pollutants is the final target.
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